More than 200 million people worldwide are exposed to excessive fluoride in drinking water.
Smedley ). Intermediate igneous rocks contain an average of 400 ppm fluoride, whereas acid igneous rocks contain about 800 ppm F À (Koritnig ) mainly in fluorapatite (Day ). Alkaline rocks contain an average of 1,000 ppm F À and ultramafic rocks only about 20 ppm F À (Koritnig ). In metamorphic rocks, fluoride is mainly restricted to skarns and metasomatic aureoles around granitic plutons. Although fluoride is the most abundant halogen in sedimentary rocks (Koritnig ) , it is relatively rare except in areas of specific mineralisation (Edmunds ) .
Fluoride is generally more abundant in sediments of marine origin than those originating from non-marine environments (Koritnig ; Edmunds ) . In coal, fluoride is mainly associated with mineral matter, rather than the organic component (Schultz et al. ) , with fluorapatite being the dominant fluoride-bearing mineral (Bouska ) .
The presence of excessive fluoride in the sedimentary
Lower Karoo Aquifer (LKA) in Gokwe, and in aquifers in other districts in Zimbabwe, was first noticed in routine water quality assessments. It was subsequently documented by Tobayiwa et al. () and Mamuse (). Tobayiwa et al.
() estimated that fluorosis prevalence in an area, which falls within the current study area (Figure 1 ), was 62%.
This paper explores the fluoride problem in the Gokwe area through hitherto unpublished statistical analyses of key results obtained by Mamuse () .
STUDY AREA
This study was carried out within an area measuring 6,000 km 2 straddling Gokwe South and Gokwe North districts of Zimbabwe, some 300 km west of Harare, Zimbabwe ( Figure 1 ). The area lies within the SanyatiSengwa Basin of the Zambezi Valley Geomorphic Province (Lister ) and experiences a warm to hot climate, with a mean annual temperature of 23 W C and an annual rainfall of 650-700 mm. Due to these semi-arid conditions, surface Figure 1 | The study area. Subdivisions 1-3 refer to geological mapping as follows. 1 ¼ mapped by Ait-Kaci Ahmed (in preparation), 2 ¼ mapped by Leyshon (1969) , and 3 ¼ no published mapping.
water supplies are limited and, consequently, the Gokwe area is heavily reliant upon groundwater. Aquifer materials and processes in many parts of the study area are such that groundwater is saline and/or contains excessive fluoride.
In Figure 1 , the study area is divided into four segments, two of which (labelled 3) currently have no published geological map. The central portion of the study area (labelled 1) was mapped by Ait-Kaci Ahmed (in preparation) and the eastern part by Leyshon () . where they emerge through the cover of Karoo rocks.
METHODS

Sampling and sample handling
This study is based on samples collected from 126 water sources in the Gokwe area, NW Zimbabwe between May and August 2002. Of these, 7 (5.6%) were collected from streams, 46 (36.5%) from dug wells, 58 (46.0%) from pumped boreholes and 15 (11.9%) from flowing artesian boreholes.
For each water source, two sub-samples were collected:
(i) samples for well-head measurements, which were collected directly into clean plastic beakers, and (ii) samples for laboratory measurements, collected into clean high density polyethylene bottles. The laboratory samples were filtered through 0.45 μm membrane filters and refrigerated.
On shipment to Curtin University, Australia for analysis, the sample bottles were packed into polystyrene insulating cartons and were refrigerated on arrival. Actual sample collection depended on type of water source. For pumped boreholes, pre-sampling water pumping was done to clean pipe fixtures and to ensure that aquifer water, not water standing in pipes, was sampled. Approximately three times the volume of borehole pipes was expelled this way, a routine which was not necessary for flowing artesian 
Sample analysis and statistical data analysis
Well-head measurements of water temperature, pH, conductivity and total dissolved solids (TDS) were performed using appropriate probes and read directly off a meter. Concentrations of F À and those of major anions (Cl-, SO4 2À ) and
) were obtained using a Dionex ® 1000 Ion Chromatograph in the laboratory.
Anions were separated using a AS-12A separator column with AG-14A guard column and a (3.5 mM Na 2 CO 3 / 1 mM NaHCO 3 ) eluent at a flow-rate of 1 mL/min. Cations were separated using a CS-12A separator column and 30 mM methanosulphonic acid eluent at a flow rate of 1 mL/min. Sample volume for ion chromatographic analysis was 25 μL and ions were detected by conductivity, with a lower limit of determination of around 0.1 mg/L. water. Another area of concern is microbial contamination, which is generally more common in shallower water sources.
